Introduction
Mouthguards are perhaps the most common form of protective equipment now worn in high contact sports. In 1963, the National Federation of State High School Athletic Associations and in 1974, the National Collegiate Athletic Association implemented regulations requiring mandatory mouth protector wear for football players participating in organized games. Since this legislation, dental injuries have almost been eliminated'-A. It has been shown that when football players wear mouth protectors, the incidence of dental trauma can be reduced to 0.6 per 100 players4.
Although mouthguards have been shown to provide excellent dental protection, not all players use them because of complaints of being too uncomfortable, breathing difficulties and problems with speakingZ5 6. Many of the complaints about comfort can be attributed to improper design or fit and can easily be corrected by the team dentist by changing to a different type of mouth protector or fabricating a custom-made protector4.
Although information has been published that describes the types, distribution and changes in dental trauma as a result of wearing mouth protectors, there has been no reported study that quantifies the physiological effects of wearing mouthguards and how this might relate to the complaints of breathing difficulties. Therefore, the purpose of this study was to measure the effects of wearing different types of over-the-counter mouthguards on maximal expiratory air flow parameters and gas exchange variables in order to determine their effect on work and economy of breathing and their possible relationship to the complaints of difficult breathing.
Methods

Subjects
The study population consisted of ten healthy men and seven women aged 20-36 years who were non-smokers and who had no history of any cardiorespiratory problems. Table 1 summarizes the demographic characteristics of these subjects. Participation in the study was strictly voluntary and 1, 12 .5% and 19% while wearing mouthguards 2 and 3 respectively. In contrast, the 20-s expiratory volume was significantly increased (P < 0.05) by the wearing of each mouthguard. Expiratory volume increased from 41% with mouthguard 2 to 59.5% with mouthguard 1. The ratio of VE:VO2 was not significantly changed by the wearing of any of the mouthguards. There were no statistically significant differences between mouthguards of any of the physiological parameters while exercising. 
Discussion
As might be expected, the restriction in air flow patterns shown in Table 2 supports the frequent subjective comments that mouthguards create difficulty with breathing. Even though the double maxillary mouthguards reduced air flow more than twice that of the single mouthguard, subjects subjectively reported that the single mouthpiece restricted air flow to the same extent as the double mouthguard. At first glance, therefore, it would appear that the complaints of air flow restriction are substantiated and that the benefit of reduced trauma afforded by the mouthguard might be offset by the ventilatory and symptomatic disadvantages resulting from airway restriction. The physiological data recorded in Table 4 , however, indicate the opposite. Surprisingly, the data shown in Table 4 provided by PLB may be linked to the degree with which PLB increases tidal volume and decreases the respiratory rate. Since neither tidal volume nor respiratory rate were measured in this study it is uncertain whether the wearing of a mouthguard is the same phenomenon as PLB. However, the significant increase in expired volumes accompanied by a decrease in VE that occurred as a result of wearing one of the three mouthguards ( Evidence of physiological impairments resulting from the wearing of mouthguards during light exercise is equivocal (Table 3 ). This might be expected to be due to the intensity of exercise which resulted in an average VE of between 28 and 30 1/min which is below the 30-401/min level that requires an individual to shift to mouth breathing to meet increased air flow7. Without the requirement of mouth breathing, the PLB effect would not be induced.
From a physiological standpoint, therefore, it can be concluded that the wearing of mouthguards may actually produce an effective pattern of respiration during brief periods of heavy exercise which may improve tissue oxygenation and lower metabolic cost. Additional studies such as the measurement of changes in blood gases while exercising with a mouthguard are needed to delineate the mechanism by which mouthguards improve total body work economy. 
